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Xylocarpus granatum König (Meliaceae), also known as 'dhundul', 'cannon ball tree', and 'puzzlenut tree', is a medium sized tree found in mangrove forests in East Africa, tropical Australia and Southeast Asia [1, 2] . The bark is astringent and has traditionally been used to treat diarrhea, cholera, fever and malaria [1, 3] . It has also been used for tanning and for the preparation of dyes of umber color [4] . X. granatum has been the subject of only a few biological studies, and its chemical constituents are only partly characterized. Chemical investigations have revealed a number of xyloccensins and other tetranortriterpenoids from lipophilic extracts of X. granatum [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . However, the biological activities of the xyloccensins have been scarcely studied. The presence of tannins has been reported [17] , but their chemical structures appear to be unknown. The aim of this study was to characterize the chemical composition of the bark of X. granatum, and to evaluate the antioxidant and antimicrobial effects of both the extracts and its constituents. From a chloroform extract of X. granatum, xyloccensin O (1) [5] , xyloccensin P (2) [5] and xyloccensin Q (3) [6] were isolated. The xyloccensins have recently been reported from the stem bark of Chinese X. granatum [5, 6] . Gedunin (4) [18] was isolated from the ethyl acetate extract; this compound has been reported previously from East African wood of X. granatum [10] . Two flavonoids, catechin (5) and epicatechin (6), were also identified in the ethyl acetate extract by direct comparison ( 1 H and 13 C NMR) with authentic substances.
The n-butanol extract comprised more than half of the total crude extract and the NMR spectra indicated a high content of procyanidins. Integration of the C-2 and C-3 signals in the 13 C NMR spectra of procyanidins indicates the relative amounts of the stereoisomers catechin (2, 3 trans) and epicatechin (2, 3 cis) and the degree of polymerization [19] . The resonances at δ 82-83 and 76-77 correspond to C-2 in catechin and epicatechin, respectively. The starter unit exhibits a C-3 signal at ca. δ 67, while the resonance of C-3 in the extender unit resonates at ca. δ 72. Procyanidins were purified over Sephadex LH-20 followed by chromatography on RP-18 silica gel. By integration of the δ 65-85 region in the 13 C NMR spectrum of fraction B-4.2, the molecule was found to consist of catechin and epicatechin in the ratio 1:1. Phloroglucinol degradation of B-4.2 resulted in the cleavage of the terminal flavanoid unit, identified as catechin, and the capture of the extender unit by phloroglucinol, identified as epicatechin (4β→2) phloroglucinol. B-4.2 was identified as procyanidin B1 (epicatechin (4β→8) catechin) (7) by comparison with published NMR data [20] . Integration of the 13 C-NMR spectrum revealed fraction B-5.3 to consist of catechin and epicatechin in the ratio of 1:2. Phloroglucinol degradation gave catechin and epicatechin (4β→2) phloroglucinol, and the structure of B-5.3 was assumed to be the trimer epicatechin (4β→8) epicatechin (4β→8) catechin (8) . From 13 C-NMR and phloroglucinol degradation results, fraction B-7.3 was found to contain catechin as the starter and epicatechin as the extender units in the ratio 1:4. The pentamer was tentatively identified as epicatechin (4β→8) epicatechin (4β→8) epicatechin (4β→8) epicatechin (4β→8) catechin (9) . However, it was difficult to assign the bonds between monomers to either the 4→8 or 4→6 type [21] .
NPC Natural Product Communications
The semipolar extracts of X. granatum bark showed potent 15-LO inhibitory and DPPH scavenging effects, while the non-polar chloroform extract was inactive as a DPPH scavenger and showed weak 15-LO inhibitory activity (Table 1) . We have previously observed that the relative activity as DPPH radical scavengers and 15-LO inhibitors tends to favor non-polar substances as 15-LO inhibitors and semipolar ones as radical scavengers [22, 23] . The observed activities were found not to be correlated (p > 0.05), in accordance with previous experiments [24] . The isolated flavonoids were all highly active, and the pentamer had the strongest activity in both assays (Table 2 ). Figure 2 shows concentration (μg/mL and μM) dependent activities of catechins and procyanidins. At equivalent weight concentrations small differences in activity were observed. On the other hand, on a molar basis, high molecular weight compounds were shown to have much higher activities, and a linear correlation (p < 0.05) was found between molecular weight and both DPPH radical scavenging and 15-LO inhibitory effects. No differences in either DPPH scavenging or 15-LO inhibitory effects were observed between catechin and epicatechin. The xyloccensins tested (1, 2) were inactive as DPPH scavengers and showed low 15-LO inhibitory activity (1: 48 ± 3 % and 2: 46 ± 5 % inhibition at 83 μM). Table 3) . Growth of Escherichia coli and Candida albicans was not affected. The high content of procyanidins in the active extracts may explain the observed antimicrobial activity [25] [26] [27] . Procyanidins are known to form complexes with proteins, and they may therefore inhibit extracellular microbial enzymes or substrates required for microbial growth. Inhibition of either oxidative phosphorylation or complexation with metal ions could also be possible mechanisms for their antimicrobial properties. Gramnegative bacteria possess an outer membrane surrounding the cell wall and they are often less susceptible than Gram-positive bacteria to the action of antibacterials [28] . The chloroform extract was inactive, and its constituents, 1 and 2, were inactive as well. Other xyloccensins, I and J, have previously been reported not to have any antimicrobial activity (species not stated) [15] . Due to scarcity of material, the antimicrobial properties of 2 were only tested against K. rhizophilia, E. coli and C. albicans. This study has revealed a high content of flavan-3-ols and procyanidins in X. granatum bark. Bark is often a good source of tannins [29] . In general, the identified procyanidins had a consistent construction with catechin as the starter and epicatechin as the extender units. These compounds are for the first time reported in this species. Catechin and epicatechin are among the most widespread flavonoids known [30] , and catechin is regarded as the most common starter unit and epicatechin as the predominant extension unit among oligomeric proanthocyanidins [29] . Any systemic pharmacological effect of the catechins and procyanidins from X. granatum is dependent on their bioavailability. Monomers and some procyanidin dimers are able to be absorbed intact and exhibit cardioprotective effects [31] . However, the major part of consumed proanthocyanidins never reaches the systemic circulation, and the active compounds have a greater potential for biologically significant effects in the gastrointestinal tract [32] .
Proanthocyanidins have been reported to have a broad spectrum of biological, pharmacological and therapeutic activities against free radicals and oxidative stress (recent reviews, for example [29, [33] [34] [35] [36] [37] ). Cholera and diarrhea are among the major indications for X. granatum bark preparations. It is, therefore, noteworthy that proanthocyanidin-rich plants have a long tradition of use as anti-diarrhoeals in folk medicine [38] . The efficacy of this has been shown in several recent investigations [39] [40] [41] , and a proanthocyanidin preparation from Croton lechleri has been in development as a commercial drug [42] . Interestingly, an in vivo anti-diarrheal effect has recently been shown for the methanol extract of the related plant species Xylocarpus moluccensis [43] .
The methanol extract of stem bark of X. granatum is an excellent radical scavenger against the DPPH radical. It is also an effective 15-LO inhibitor. This effect is mainly due to its high content of procyanidins. These compounds have not previously been reported in X. granatum, although the presence of tannins in the plant has been reported. From the above discussion, it appears reasonable that some of the traditional medicinal usages of this plant can rationally be ascribed to its content of procyanidins with strong antioxidant properties. Controlled clinical studies are needed to elucidate the efficacy of X. granatum bark preparations and constituents in humans in vivo. 
Extraction and isolation:
The dried and milled stem bark of X. granatum (400 g) was extracted with 80% MeOH (1300 mL) at room temperature for 6 days. The extract was filtered and concentrated in vacuo to yield 172 g (43% of total amount) of MeOH crude extract. The crude extract (23 g) was suspended in 750 mL distilled water and then extracted successively with CHCl 3 (3 × 150 mL), EtOAc (5 × 150 mL) and n-BuOH (5 × 150 mL). The solvents were removed in vacuo and resulted in a CHCl 3 extract (133.4 mg), an EtOAc extract (3.3 g), a n-BuOH extract (11.7 g), an aqueous residue (6.2 g), and a final precipitate (2.3 g). For isolation of xyloccensins from X. granatum, the MeOH crude extract (90 g) was defatted with n-hexane (3 × 100 mL), and the remaining crude extract was extracted with CHCl 3 (3 × 100 mL), giving a CHCl 3 extract II (374 mg). The CHCl 3 (C) extract II (370 mg) was subjected to silica gel VersaPak CC (40 × 150 mm). The applied sample was eluted with CHCl 3 (600 mL), CHCl 3 /EtOAc 1:1 (500 mL), and EtOAc (500 mL)
yielding fractions C-1-C-7. The NMR-spectrum of fraction C-3 (237 mg) indicated the presence of limonoids; this fraction was rechromatographed on a VersaPak C18 cartridge (40 × 150 mm) and eluted with MeOH/H 2 O 1:1 (200 mL), 13:7 (400 mL), 4:1 (300 mL), and 1:0 (300 mL). Fractions C-3.5 (37.3 mg) and C-3.6 (28.5 mg) were purified by preparative HPLC (CH 3 CN/H 2 O 35 → 55% gradient) to yield compounds 1 (4.4 mg), 2 (6.2 mg), and 3 (1.0 mg). The EtOAc (EA) extract (1.0 g) was chromatographed on silica gel 60 (25 × 400 mm) eluting with CHCl 3 /EtOAc/acetic acid in the ratio 50:50:1 (1300 mL) to yield compound 5 (113.8 mg) and a mixture of 5 and 6 (29.5 mg). Fraction EA-1 (27 mg) was chromatographed by CA-TLC using EtOAc/light petroleum 1:9 (100 mL), 1:4 (100 mL), 3:7 (100 mL), 1:1 (100 mL), 7:3 (50 mL), and 1:0 (100 mL) yielding 4 (1.2 mg). The n-BuOH (B) extract (5.0 g) was applied to a Sephadex-LH 20 column (45 × 400 mm) and eluted with MeOH/H 2 O 1:1 (1000 mL), 7:3 (500 mL), and 1:0 (2500 mL 
DPPH scavenging and 15-LO inhibition assays:
Test substances were dissolved in DMSO, and the assays were carried out as reported previously [22] . Quercetin (Sigma-Aldrich) was used as a positive control. For both assays, samples were analysed in triplicate and results are given as averages ± SD. Student's t-test was used for the statistical evaluation. P < 0.05 was considered statistically significant.
Total phenolic content:
The total phenolic content was determined by the Folin-Ciocalteu method [45] , and carried out as reported previously [22] .
Antimicrobial assay: For the antimicrobial assays, the following strains were used: Gram positive bacteria: K. rhizophilia ATCC 9341, S. aureus ATCC 25923, and B. subtilis ATCC 6633; Gram-negative bacteria: E. coli ATCC 25922, and P. aeruginosa ATCC 27853; Yeast: C. albicans ATCC 10231. Antimicrobial activities were determined by using the disk diffusion method [46] . Culti-Loops® (Oxoid)
were streaked onto petri dishes containing Mueller Hinton (for bacteria) or Sabouraud (for yeast) agar and incubated at 37°C until colonies were formed. A small amount of culture was diluted in sterile NaCl (9 mg/mL) until the absorbance of the suspension corresponded to Mc Fairland standard no. 2. From this suspension, 60 μL was diluted in 12.5 mL isotonic NaCl, then 2 mL was spread on a sterile Mueller Hinton (for bacteria) or Sabouraud (for yeast) agar plate and the excess was removed. Antimicrobial susceptibility blank disks (BBL, 6 mm in diameter), containing either 2.0 mg plant extract (50 μL, 40 mg/mL) or 0.2 mg of compound 1 and 2 (50 μL, 4.0 mg/mL), were placed on the agar surface together with a positive control disk (see Table 3 ) and a negative control disk containing 50 μL solvent (methanol or acetone). The plates were kept at either room temperature (for bacteria) or at 4°C (for yeast) for 1 h prior to incubation at 37°C for 20-24 h. The inhibition zones were calculated as the mean of three replicates.
